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Aim: We performed a prospective, analytical study from 01 January to 31 March 2009 in the 
Ophthalmology Unit of the Gyneco-Obstetric and Pediatric Hospital of Yaounde, aiming to 
determine the profile of central corneal thickness (CCT) in the Cameroonian nonglaucomatous 
black population and its relationship with intraocular pressure (IOP).
Results and discussion: Four hundred and eighty-five patients (970 eyes) meeting our 
  inclusion criteria were selected for this study. The average CCT was 529.29 ± 35.9 µm in the 
right eye (95% confidence interval [CI]: 526.09–532.49), 528.19 ± 35.9 µm in the left eye (95% 
CI: 524.99–531.40) and 528.74 ± 35.89 µm in both eyes (95% CI: 526.48–531.00), range 440 to 
670 µm. The average IOP was 13.01 ± 2.97 mmHg in both eyes (95% CI: 12.82–13.19). A rise 
in CCT by 100 µm was followed by an increase in IOP of about 2.8 mmHg (95% CI: 2.3–3.6) 
for both eyes taken together. Linear regression analysis showed that corneal thickness was 
negatively correlated with age and IOP was positively related with age.
Conclusion: CCT in the Cameroonian nonglaucomatous black population was found to be 
lower compared with CCT values in Caucasian and Asian populations. On the basis of reference 
values ranging between 527 and 560 µm, an adjustment of IOP values by a correction factor 
is required for many Cameroonian patients. This will improve the diagnosis and follow-up of 
glaucoma by helping to detect true ocular hypertension.
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Introduction
The accuracy of intraocular pressure (IOP) measurement is considered by some authors 
to be a “myth” of modern ophthalmology.1 During the 1970s, Ehlers and Hansen found 
a close relationship between IOP values and corneal thickness.2–6 Later on, significant 
changes in IOP values observed by refractive surgeons after EXCIMER laser and, 
more recently, findings of the multicenter, randomized American Ocular   Hypertension 
Treatment Study (OHTS) in ocular hypertension confirmed that corneal thickness 
appears to be important when interpreting IOP estimates.7,8
In the Cameroonian medical literature, no study has yet been conducted on 
  central corneal thickness (CCT). However, many European and US studies show 
that   Africans and African-Americans have thin corneas.9–11 What is the real situation 
in the   Cameroonian nonglaucomatous population? What is the relationship between 
CCT and age, gender, and IOP? These are the questions that prompted us to carry out a 
clinic-based study in a sample of normal black Cameroonians with the aim of providing 
the answers.Clinical Ophthalmology 2010:4 submit your manuscript | www.dovepress.com
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Methods
This was a prospective, analytical study conducted from 
January 1 to March 31, 2009 in the Ophthalmology Unit of 
the Gyneco-Obstetrics and Pediatric Hospital of Yaounde, 
aiming to determine the CTT profile in the Cameroonian 
nonglaucomatous black population and its relationship with 
IOP. Subjects included in this study were aged five years or 
older. Ametropia aside, they were not presenting with any eye 
disease and had never undergone eye surgery. Patients with 
diabetes, high IOP, infectious or   inflammatory conjunctival or 
uveal diseases, corneal dystrophy, or need for contact lenses, 
were excluded, along with known glaucomatous subjects.
Participants underwent a complete bilateral   ophthalmologic 
examination, including assessment of visual acuity with 
a Snellen chart, slit lamp examination of the anterior and 
  posterior segments of the eye, fundoscopy, air-puff tonom-
etry and objective refraction. CCT was measured using 
a   hand-held ultrasonic pachymeter (Quantel Medical). This 
instrument has high reliability, with an ultrasound transmis-
sion speed of 1640 m/sec. Pachymetry was performed   during 
the daytime between 8:00 am and 1:00 pm by the same 
examiner, one eye after the other. After corneal anesthesia 
with Cebesine®, the probe was placed in the center of the 
cornea perpendicular to the pupil axis. Three measurements 
were taken, and the smallest was considered as that cor-
responding to the real center of the cornea. Three measure-
ments of IOP were also made using a noncontact tonometer 
(TOPCON) and the average value displayed by the tonometer 
was the one considered for each eye. We considered IOP 
values #21 mmHg and CCT values ranging from 527 to 
560 µm as normal. Corneas with a central thickness value 
below 527 µm were considered as thin and those with a 
central thickness value above 560 µm were considered as 
thick corneas.12
Variables analyzed were gender, age, IOP, and CCT. Data 
analysis was performed using SPSS software (SPSS Inc., 
Chicago, IL). A descriptive analysis was first done in order 
to bring out the main trends from the data. This analysis was 
based on statistical tests with a significant threshold of 5% 
(P , 0.05). Several variants of the Student t-test were used. 
These included notably the Student t-test for comparing 
an average value with a reference one (one-sample t-test), 
which made possible the comparison of the average CCT 
in the Cameroonian population with that obtained previ-
ously for other countries. The comparison of CCT between 
the right and left eyes was done using the Student t-test 
related to paired samples. The test for analysis of vari-
ance (ANOVA) was used to highlight a possible change in 
corneal   thickness with age. Comparison of CCT and IOP 
between men and women was done using the independent-
samples t-test. Analysis of the relationship between CCT 
and IOP was done using several tests, including the ANOVA 
test, chi-square test for independence, and Pearson lin-
ear correlation test. All these methods led to convergent 
and consistent results, demonstrating the existence of a 
relationship between CCT and IOP. A confirmation was 
established with models of multivariate linear regression 
involving not only these two variables, but also age and 
gender. The significance threshold used in this part of the 
study was also equal to 5% (P , 0.05). We then calculated 
the pressure-to-cornea index (PCI) using the formula IOP/
CCT3 for each eye and both combined. A PCI range of 
120–140 was proposed as the upper limit of “normality”, 
with 120 being the cutoff value for eyes with untreated 
pressures # 21 mmHg.13
Results
Four hundred and eighty-five patients (970 eyes)   meeting 
our inclusion criteria were selected for this study. Our 
sample comprised 163 men (33.6%) and 322 women (66.4%) 
whose ages ranged from five to 75 years with an average of 
31.4 ± 15.5 years; the average age was 32.8 ± 16.1 in men 
and 30.6 ± 15.1 years in women. The most representative age 
group was 20–39 years which accounted for 44.1% (n = 214) 
of patients. The average IOP was 12.95 ± 2.95 mmHg in 
the right eye (95% confidence interval [CI]: 12.69–13.21), 
13.06 ± 2.98 mmHg in the left eye (95% CI: 12.80–13.33) 
and 13.01 ± 2.97 mmHg in both eyes (95% CI: 12.82–13.19). 
The average IOP in men was 12.98 ± 2.91 mmHg and the 
average IOP in women was 13.02 ± 2.99 mmHg without any 
statistically significant difference (P = 0.83,   independent 
samples t-test). IOP was positively correlated with age 
(Figure 1). The average CCT was 529.29 ± 35.9 µm (95% 
CI: 526.09–532.49) in the right eye, 528.19 ± 35.9 µm in the 
left eye (95% CI: 524.99–531.40) and 528.74 ± 35.89 µm 
in both eyes (95% CI: 526.48–531.00), range 440–670 µm 
(Table 1).
Central corneal thickness  
and gender
The average CCT in both eyes was 530.27 ± 34.83 µm among 
men (95% CI: 526.47–534.06) and 527.97 ± 36.41 µm 
among women (95% CI: 525.15–530.79) with no sig-
nificant difference (P = 0.35, independent-samples t-test, 
Table 1).Clinical Ophthalmology 2010:4 submit your manuscript | www.dovepress.com
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Central corneal thickness and age
Figures 2 and 3 show that CCT decreases with age, irre-
spective of gender. The cornea was thicker in the group 
of patients aged younger than 20 years, with an average 
of 537.63 ± 37.27 µm in the right eye, 536.74 ± 37.87 µm 
in the left eye, and 537.19 ± 37.50 µm in both eyes. 
CCT was t  hinner among the group of patients aged more 
than 60 years (P , 0.05, one-way ANOVA). However, 
Table 2 shows with more detail that whichever the eye, 
CCT significantly decreased with age among women 
(P = 0.005, one-way ANOVA). In the men this decrease 
was not   statistically significant (P . 0.05, one-way 
ANOVA). In general, the linear regression analysis shows 
that corneal thickness is negatively related to age. Indeed, 
CCT decreases by 4.2 µm per 10 years. This decrease is 
about 4.0 µm in the right eye and 4.3 µm in the left eye per 
10 years (Table 3).
Central corneal thickness  
and standard values
Two hundred thirty-four subjects (48.24%) had thin 
corneas (CCT , 527 µm) in the right eye with an   average 
of 500.48 ± 20.93 µm (95% CI: 497.80–503.16). In the 
left eye, there were 240 patients presenting with thin 
corneas (49.48%) with an average of 500.03 ± 20.66 µm 
(95% CI: 497.41–502.64). Eighty-seven right corneas 
(17.93%) and 82 left corneas (16.9%) were found to 
be thick (CCT . 560 µm) with a respective average 
of 582.44 ± 21.33 µm and 583.55 ± 20.44 µm (95% 
CI: 577.95–586.12 and 579.12–587.97, respectively). 
Thirty corneas (3.09%) had a CCT above 600 µm. 
There were 164 corneas (33.81%) with normal CCT 
(range 527–560) in the right eye with an average of 
542.20 ± 9.65 µm, and 163 in the left eye (33.60%) with 
an average of 542.01 ± 9.80 µm (95% CI: 540.72–543.68 
and 540.29 –543.35, respectively).
Central corneal thickness  
and intraocular pressure
The more the CCT rose, the greater was the IOP (Figure 4). 
Thus, among the thin cornea group, the average IOP in both 
eyes was 12.32 ± 2.94 mmHg. This was 13.06 ± 2.76 mmHg 
in the group with normal CCT and 14.82 ± 2.64 mmHg 
among the thick cornea group. This difference was 
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Figure 1 intraocular pressure according to age (n = 970 eyes).
Abbreviations: LE, left eye; rE, right eye.
Table 1 Central corneal thickness according to gender
Gender RE CCT LE CCT RE + LE CCT
Average n Average n Average n
Male 530.52 ± 34.97 163 530.02 ± 34.80 163 530.27 ± 34.83 326
Female 528.67 ± 36.40 322 527.27 ± 36.47 322 527.97 ± 36.41 644
Total 529.29 ± 35.90 485 528.19 ± 35.90 485 528.74 ± 35.89 970
P** 0.593 0.426 0.347
Abbreviations: CCT, central corneal thickness; LE, left eye; rE, right eye.
Notes: **independent-samples t-test.Clinical Ophthalmology 2010:4 submit your manuscript | www.dovepress.com
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statistically   significant (P , 0.05, one-way ANOVA, 
Figure 5).   Pressure-to-cornea index (PCI) in the right 
eye was 88.50 ± 23.06 and 89.78 ± 23.31 in the left eye 
(P . 0.05); in both eyes (right and left combined) PCI was 
89.14 ± 23.19.
Discussion
The CCT of nonglaucomatous black Cameroonian   subjects 
is comparable with that found in other African and 
  African-American populations9–11 in which people have 
thin corneas. Moreover, this may explain the relatively low 
values of IOP found in Africans and African-Americans.14–17 
On ultrasound pachymetry, the average CCT in Caucasians 
is 544 ± 34 µm.14,15,18 This is significantly higher than the 
average CCT found in the Cameroonian population, ie, 
528.74 ± 35.89 µm (P , 0.05, one-sample t-test) for right 
and left eyes combined. Therefore, it would be prudent to 
integrate this data as a working basis during glaucoma con-
sultations or in the future when practising refractive surgery 
in Cameroon. A CCT above 600 µm is found in less than 5% 
of normal subjects.14,15 In our study, we found a frequency of 
3.09% which is consistent with the reports in the literature.
Several studies have revealed a significant correlation 
between CCT and gender, reporting that CCT is slightly 
higher in men compared with women,11,19–21 whereas other 
investigators did not notice a difference between men and 
women.22–24 In our study, we noticed no statistically sig-
nificant difference between men and women according to 
average CCT.
Many studies carried out in Asian populations9,19–21 as 
well as the Barbados Eye Studies17 reported a decrease 
of CCT with age, as was the case in our study, where the 
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Figure 2 scattergram of central corneal thickness (CCT) versus age (n = 970 eyes).
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Figure 3 Central corneal thickness according to age (n = 970 eyes).
Abbreviations: LE, left eye; rE, right eye.Clinical Ophthalmology 2010:4 submit your manuscript | www.dovepress.com
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  cornea were thinner in patients aged 60 years or older. There 
is no clear explanation for this finding, although heredity, 
outdoor lifestyle, and socioeconomic status have been cited 
as possible influencing factors.25 The latter two factors are 
applicable to the majority of the Cameroonian population, 
but it was not possible in our study to determine whether 
the reduction in average CCT related to age represents an 
acquired phenomenon. Nevertheless, considering gender, 
the regression of CCT was statistically significant among 
women, but not among men (Table 2). We may then ask 
ourselves whether a hormonal factor could be responsible 
for this observation. This would need to be confirmed by 
investigations in the future.
Most of the studies carried out on CCT and IOP used 
the Goldmann applanation tonometer which is indeed the 
gold standard to measure IOP. In this study, we used an 
air-puff (noncontact) tonometer. This tonometer is based on 
the same physical principle, ie, the Imber-Fick principle, 
which states that the force required to flatten or level a 
spherical container (W) equals the product of the internal 
pressure (P) by the area of flattening (A); thus W = P × A. 
This leveling force depends on several factors, such as the 
nature of the tear film, corneal curvature, corneal thickness, 
and corneal rigidity, and is also subject to the influence 
of CCT because the Goldmann applanation tonometer 
was calibrated for corneas with a CCT value of 520 µm.26 
A recent comparison by Shepens et al26 of the two types 
of tonometers demonstrated that there was no statistically 
significant difference between values given by each tonom-
eter for the same patient.
Numerous studies have reported a positive correlation 
between IOP measured by Goldmann applanation tonometer 
and CCT.10,15,16,19–23,27–29 Our study shows that there was a 
positive correlation between CCT and IOP; the more the 
CCT increased, the higher the IOP became. For both eyes 
taken together, a rise of CCT by 100 µm is followed by an 
increase in IOP of about 2.8 mmHg (95% CI: 2.3–3.3). 
Notably, according to corneal thickness, the IOP rises in 
the left eye by 2.9 mmHg (95% CI: 2.2–3.3), and in the 
right eye IOP increases by 2.7 mmHg (95% CI: 2.0–3.4). 
Similarly, other researchers have demonstrated that 
an increase of the CCT by 100 µm induces a rise of IOP in 
the range of 1.1–3.2 mmHg.18,29–31 On the contrary, Foster 
et al32 did not find any relationship between corneal thick-
ness and IOP.
Table 4 shows that IOP rises with age by about 
0.29 mmHg every 10 years; the variation in the left eye is 
about 0.32 mmHg (95% CI: 0.16–0.48) and 0.26 mmHg 
(95% CI: 0.10–0.42) in the right eye. The IOP/CCT3 index 
came close to that worked out by Iliev et al,13 which was 
92.0 ± 24.8 for nonglaucomatous subjects. At the end of 
their work, they fixed the norm of this index between 120 
and 140; the cutoff point for the normal subject being 120, 
which is similar to our results.
Table 2 Central corneal thickness according to age and gender
Age (years) Male Female 
RE CCT LE CCT RE CCT LE CCT
,20  539.85 ± 38.37 (39) 539.90 ± 37.50 (39) 536.66 ± 36.95 (89) 535.36 ± 38.16 (89)
20–39  527.37 ± 32.44 (66) 526.26 ± 31.38 (66) 528.02 ± 38.35 (148)  526.66 ± 37.47 (148)
40–59  528.66 ± 35.63 (47) 529.40 ± 36.02 (47) 525.90 ± 30.08 (67) 524.10 ± 30.71 (67)
$60 524.18 ± 32.71 (11) 520.18 ± 36.32 (11) 504.83 ± 27.23 (18) 503.00 ± 27.69 (18)
P* 0.285 0.187 0.006 0.005
Abbreviations: CCT, central corneal thickness; LE, left eye; rE, right eye.
Note: *One-way AnOVA.
Table 3 Multiple linear regression of central corneal thickness
Variables RE LE Combined RE and LE
Coefficient CI P value* Coefficient CI P value* Coefficient CI P value*
Age 0.40 0.60–0.21 0.000 0.43 0.62–0.23 0.000 -0.42 0.55–0.28 0.000
iOP 3.88 2.86–4.91 0.000 4.12 3.11–5.13 0.000 4.00 3.30–4.71 0.000
sex
Male 3.26 3.13–9.64 0.317 3.45 2.88–9.78 0.285 3.37 1.12–7.85 0.141
Female ref1 ref ref ref ref ref 
r-square 0.123 0.138 0.130
Abbreviations: CCT, central corneal thickness; CI, confidence interval; IOP, intraocular pressure; LE, left eye; RE, right eye.
Notes: *student’s t- test; 1The modality « Female » is taken here like reference.Clinical Ophthalmology 2010:4 submit your manuscript | www.dovepress.com
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On the basis of reference values ranging between 527 and 
560 µm,12 an adjustment of IOP values is required for many 
Cameroonian patients, namely 48% of the subjects with thin 
corneas and 17% of those with thick corneas, because they 
represent a considerable proportion of patients subject to 
IOP measurement errors. Many formulas used to adjust the 
IOP according to the CCT have been published. However, 
they have not been unanimously agreed upon. Nonetheless, 
the unpublished formula suggested by Collignon, taken up 
again by Detry-Morel,12 has the advantage of relying on a 
linear relationship. Indeed, it advises to add 0.50 mmHg 
for every 10 µm for thin corneas with an average thickness 
lower than 527 µm and to subtract 0.70 mmHg for every 
10 µm in thick corneas with an average thickness higher than 
560 µm. On the other hand, Doughty and Zaman suggested 
that the correction for eyes with chronic disease should be 
2 or 3 mmHg for each 0.05 mm difference in CCT from 
0.535 mm.15 As long as misunderstandings exist about one 
and another formula, each ophthalmologist or ophthalmology 
unit will have to choose an adjustment formula following a 
reference study.
Conclusion
CCT values in the Cameroonian nonglaucomatous black 
population were found to be lower compared with CCT 
values in Caucasian and Asian populations, but were 
comparable with those reported in Africans and African-
Americans. The average IOP was also lower compared with 
that found in Caucasians and Asians. CCT is a determin-
ing factor in interpreting IOP values. However, very few 
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Figure 4 intraocular pressure (iOP) according to central corneal thickness (CCT) in norm standards (n = 970 eyes).
Abbreviations: LE, left eye; rE, right eye.
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Figure 5 scattergram between central corneal thickness (CCT) and intraocular pressure (iOP) (n = 970 eyes).
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  ophthalmology departments in Cameroon are equipped 
with pachymeters. The question arises now about the extent 
to which   ophthalmologists   practising in Cameroon should 
introduce corneal pachymetry in their routine clinical prac-
tice. Each Cameroonian with a thin or a thick cornea needs 
an adjustment of IOP estimates by a correction factor. This 
will improve both the diagnosis and follow-up of glaucoma, 
because it will help in detecting true ocular hypertension. 
Similarly, many cases of normal tension glaucoma or patients 
falling into the suspected glaucoma category may be found 
to be genuine glaucomatous patients. Therefore, we recom-
mend a systematic measurement of CCT in routine clinical 
practice. Furthermore, every ophthalmology unit should be 
equipped with a pachymeter.
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